Pump Rotor System Monitoring Based on Advanced

Measurements and Analysis Techniques by Hamomd, Osama et al.
University of Huddersfield Repository
Hamomd, Osama, Ball, Andrew, Gu, Fengshou and Thobiani, F.
Pump Rotor System Monitoring Based on Advanced Measurements and Analysis Techniques
Original Citation
Hamomd, Osama, Ball, Andrew, Gu, Fengshou and Thobiani, F. (2013) Pump Rotor System 
Monitoring Based on Advanced Measurements and Analysis Techniques. In: Proceedings of 
Computing and Engineering Annual Researchers' Conference 2013 : CEARC'13. University of 
Huddersfield, Huddersfield, p. 230. ISBN 9781862181212 
This version is available at http://eprints.hud.ac.uk/19401/
The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:
• The authors, title and full bibliographic details is credited in any copy;
• A hyperlink and/or URL is included for the original metadata page; and
• The content is not changed in any way.
For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.
http://eprints.hud.ac.uk/
  ✁
✂
✄
☎ ✆
✝
✂
✞
✆
✟
☎
✠
☎
✞
✆
✡
✞
✆
☎
✠
✞
☛
☎ ✆
☞
☎ ✌
✁
✆
☎
✡
✍
✞
☛
✠
✁
✆
✠
✍
✁
☛
✠
✞
✎
✂
✞
✆
✟
☎
✠
☎
✞
✆
✏
✁
✌
✝
✟
✡✁
☎ ✆
✠
✝
✆
✁
✆
✂
✝
✑
✄
☎
✂
✄
☎
✌
✏
✝
✂
✞
✡
☎ ✆
☞
☛
✝
✂
✞
☞
✆
☎ ✒
✝
✟
✁
✌
✠
✄
✝
✡
✞
✌
✠
✝
✎
✎
☎
✂
☎
✝
✆
✠
✌
✠
☛✁
✠
✝
☞
✓
✎
✞
☛
✂
✁
☛
☛
✓
☎ ✆
☞
✞
✔
✠
✡
✁
☎ ✆
✠
✝✆
✁
✆
✂
✝
☎ ✆
✁
✑
☎
✟
✝
✕
✁
☛
☎
✝
✠
✓
✞
✎
☎ ✆
✟
✔
✌
✠
☛
☎
✝✌ ✖
§
✗
✞
✟
✝
✕
✝
✘
✞
✍
✁
✂
✞
✆
✟
☎
✠
☎
✞
✆
✡
✞
✆
☎
✠
✞
☛
☎ ✆
☞
✁
✆
✟
✎
✁
✔
✘
✠
✟
☎ ✁
☞✆
✞
✌
☎ ✌
✌
✓
✌
✠
✝
✡
✎
✞
☛
✂
✝✆
✠
☛
☎
✎
✔
☞✁
✘
✍
✔
✡
✍
✌
✖
§
✗
✞
☎ ✆
✕
✝
✌
✠
☎
☞✁
✠
✝
✂
✞
✆
✟
☎
✠
☎
✞
✆
✡
✞
✆
☎
✠
✞
☛
☎
✆
☞
✌
✓
✌
✠
✝
✡
✖
✠
✞
✎
☎ ✆
✟
✁
✌
✝
✠
✞
✎
✂
✞
✆
✌
☎ ✌
✠
✝✆
✠
✍
✁
☛✁
✡
✝
✠
✝
☛✌
✎
✞
☛
✎
✁
✔
✘
✠
✟
☎
✁
☞✆
✞
✌
☎ ✌
✁
✠
✠
✄
☎
✌
✌
✠
✁
☞
✝
✏
✁
✌
✝
✟
✞
✆
✕
☎
✏
☛✁
✠
☎
✞
✆
✌
☎
☞
✆
✁
✘
✙ ✚
✛
✚
✜
✢
✛
✣
✣ ✤
✚
✥
✛
✣ ✦
✧
✚
★✤
✚
★
✩
✚
★
✤
✥
✢ ✪
✤
✫✤
✚
★
✬
✭
✤
✫✤
✪
✛
★
✮
✪
✥
✦ ✯
§
✗
✞
✎
☎ ✆
✟
☛
✝
✘
☎
✁
✏
✘
✝
✌
✓
✡
✍
✠
✞
✡
✌
✞
✎
✁
✎
✁
✔
✘
✠
☎ ✆
✁
✂
✝✆
✠
☛
☎
✎
✔
☞✁
✘
✍
✔
✡
✍
✌
✖
§
✰
✍
✝
✂
☎
✎
☎
✂
✠
✝
✂
✄
✆
☎ ✱
✔
✝
✌
✂✁
✆
✏
✝
✔
✌
✝
✟
✠
✞
☎
✟
✝✆
✠
☎
✎
✓
✁
✆
✟
☛
✝
✂
✠
☎
✎
✓
✎
✁
✔
✘
✠ ✌
✞
✎
✍
✔
✡
✍
✌
★
✬
✧
✣
✚
★
✲
✢
✩
✭✚
✛
✢
✮
✪
✚
✪
✚
✥
✦
★
✢
★
✛
✤
✧
✣
✪
✢ ✳
✬✤
★
✯
§
✗
✄
☎
✌
☛
✝✌
✝✁
☛
✂
✄
✄
✁
✌
✏
✝
✝✆
✝✌
✠ ✁
✏
✘
☎ ✌
✄
✝
✟
✁
✂
✞
✆
✟
☎
✠
☎
✞
✆
✡
✞
✆
☎
✠
✞
☛
☎ ✆
☞
✌
✓✌
✠
✝
✡
✎
✞
☛
✂
✝✆
✠
☛
☎
✎
✔
☞✁
✘
✍
✔
✡
✍
✏
✁
✌
✝
✟
✞
✆
✕
☎
✏
☛
✁
✠
☎
✞
✆
✡
✝
✁
✌
✔
☛
✝
✡
✝✆
✠ ✌ ✴
☎
✆
✞
☛
✟
✝
☛
✠
✞
✁
✆
✁
✘
✓
✌
☎ ✌
✠
✄
✝
✍
✝
☛
✎
✞
☛
✡
✁
✆
✂
✝
✞
✎
✠
✄
✝
✍
✔
✡
✍
✑
☎
✠
✄
✠
✄
✝
✄
✝✁
✘
✠
✄
✓
✂
✞
✆
✟
☎
✠
☎
✞
✆
✁
✆
✟
✖
§
✗
✄
✝
☎ ✆
☎
✠
☎ ✁
✘
☛
✝✌
✔
✘
✠
✄
✁
✌
✏
✝
✝✆
✍
☛
✝
✌
✝
✆
✠
✝
✟
☎
✆
✠
✄
✝
✄
✝✁
✘
✠
✄
✓
✂
✞
✆
✟
☎
✠
☎
✞
✆
✂✁
✌
✝
✴
✠
✄
✝
☛
✝
✘
✁
✠
☎
✞
✆
✌
✄
☎
✍
✏
✝
✠
✑
✝
✝
✆
✎
✘
✞
✑
☛
✁
✠
✝
✁
✆
✟
✠
✄
✝
✍
✔
✡
✍
✄
✝✁
✟
✑
✁
✌
✞
✏
✠
✁
☎
✆
✝
✟
✖
§
✵
✆
✠
☛
✞
✟
✔
✂
✝
✡
✞
☛
✝
✌
✍
✝
✂
☎
✎
☎
✂
✎
✁
✔
✘
✠
✌
☎ ✆
✠
✞
✁
✍
✔
✡
✍
✌
✔
✂
✄
✁
✌
✏
✝
✁
☛
☎ ✆
☞
✎
✁
✔
✘
✠
✌ ✖
§
✶
✌
✠
✁
✏
✘
☎ ✌
✄
✠
✄
✝
✞
☛
✝
✠
☎
✂✁
✘
✔
✆
✟
✝
☛✌
✠
✁
✆
✟
☎ ✆
☞
✞
✎
✠
✄
✝
✝
✷
✍
✝
☛
☎
✡
✝✆
✠ ✁
✘
✏
✝
✄
✁
✕
☎
✞
✔
☛
✏
✓
✟
✝
✕
✝
✘
✞
✍
✁
✡
✁
✠
✄
✝
✡
✁
✠
☎
✂✁
✘
✡
✞
✟
✝
✘
✠
✞
✌
✠
✔
✟
✓
✠
✄
✝
✕
☎
✏
☛✁
✠
☎
✞
✆
✌
☎
☞✆
✁
✘
✎
✞
☛
✏
✞
✠
✄
✄
✝
✁
✘
✠
✄
✓
✁
✆
✟
✎
✁
✔
✘
✠
✓
✂
✞
✆
✟
☎
✠
☎
✞
✆
✖
✸
✹ ✺
✻
✼
✽
✾
✿ ❀
❁
✽
❂
❃
❄
✹
❀
❅
✹
❃
✺
✼
❃
❂
❆
❇
❄
✽
❈
❄
✼
✹
✺
❉ ❊
❋
● ❍
■
❏ ❑
▲
▼
❑
◆
❖
❑
▲
❏
❑
P
P
◗
❏
❑
▲ ❘
❙ ❚
❯
■
P
❋
❯
❱ ❲
❳
❨
❲
❩
❩
❬
❨
❲
❳
❭
❩
❲
❪
❬
❩
❫ ❴
❬
❱
❫
❫
❨ ❵
❨
❩
❲
❵
❛
❜
❝
❩
❬
❫ ❴
❬
❞
❡
❲
❵
❩
❱ ❲
❳
❨
❲
❩
❩
❬
❨
❲
❳
❢ ❣
❤
✐
❤ ❥
❦
❤
✐
❧
✐
♠
♥
♦ ♣
♠
❥
❤
q
❥
♣
r
s
s t
s
✉
s t
s
✈
s
t
s
✇
s
t
s
①
s t
s
②
s t
s
③
s
t
s
④
s
t
s
⑤
s t
s
⑥
s t
✉
⑦
✉
②
⑦
✉
s
⑦
②s②
✉
s
✉
②
⑧
⑨
⑩ ❶
❷
❸
⑨ ❹
❺
❻
❷
❼
❽
⑨ ❾
❺
❷
❿
➀
⑨ ➁
➂
➃ ➄
➅
➆➇➈➉➊➋➇➌➍➎➏
➐
➑➇➋➒➓➔
→
➏➣↔
↕
➙ ➛
➛ ➜
➛
➝
➛
➜
➛
➞
➛ ➜
➛
➟
➛ ➜
➛
➠
➛ ➜
➛
➡
➛ ➜
➛
➢
➛ ➜
➛
➤
➛ ➜
➛
➥
➛
➜
➛
➦
➛
➜
➝
➧
➞
➛
➧
➝
➛➛
➝
➛
➞
➛
➟
➛
➠
➛
➨
➩ ➫
➭
➯
➲ ➳
➵➫
➸
➺
➭ ➳
➸
➻ ➼
➽
➾
➭ ➚
➪
➼
➩
➶
➭ ➹
➘
➴
➸
➷
➬
➮
➱✃❐
❒
❮❐❰ÏÐÑ
❒
ÒÓÔÕ➱Ï
Ö
×Ø
Ù
➛
➛ ➜
➛
➝
➛
➜
➛
➞
➛ ➜
➛
➟
➛ ➜
➛
➠
➛ ➜
➛
➡
➛ ➜
➛
➢
➛ ➜
➛
➤
➛ ➜
➛
➥
➛
➜
➛
➦
➛
➜
➝
➧
➞
➧
➝
➜
➡
➧
➝
➧
➛ ➜
➡
➛
➛ ➜
➡
➝
➝
➜
➡
➞
➞
➜
➡
➲ ➳
➵
➫
➸
➺
➭
➳
➸
➻ ➼
➽
➾
➭ ➚
➪
➼
➩
➶
➭ ➹
➘
➴
➸
➷
ÚÓÛ✃❐
❒
❮❐❰ÏÐÑ
❒
ÒÓÔÕ➱Ï
Ö
×Ø
Ù
Ü ✌
✠
✄
✝
✍
✔
✡
✍
✎
✘
✞
✑
☛✁
✠
✝
☎ ✆
✂
☛
✝
✁
✌
✝✌
✠
✄
✝
✟
✝
✕
✝
✘
✞
✍
✝
✟
✄
✝✁
✟
✟
✝
✂
☛
✝
✁
✌
✝
✌
✖
Ü
✠
✎
✘
✞
✑
☛
✁
✠
✝✌
✁
✏
✞
✕
✝
Ý
Þ
Þ
✘
ß
✡
☎
✆
✴
✘
✞
✑
✝
☛
☎ ✆
☞
✠
✄
✝
☛
✝✌
☎ ✌
✠
✁
✆
✂
✝
✠
✞
✎
✘
✞
✑
à
✠
✄
✝
✟
✝
✕
✝
✘
✞
✍
✝
✟
✄
✝
✁
✟
á
✑
☎
✘
✘
✍
☛
✞
✟
✔
✂
✝
✞
✆
✘
✓
✁
✌
✡
✁
✘
✘
☎
✆
✂
☛
✝✁
✌
✝
☎ ✆
✎
✘
✞
✑
✖
â
ã
â
ä
â
â
ä
ã
â
å
â
â
å
ã
â
æ
â
â
æ
ã
â
ä
å
æçãèéêë ì
íîï
ð
ñ
ò
ó
ô
õ
ö
÷
ø
ù
ú
û
ô
ü
ý
þ
ß
ú
ô
ø
ù
 
õ
✁
✂
ú
ù
ö
ú
ú
✁
✄
☎
✆
✝
ø ✞
✄
☎
✆
✝
÷
✟
✠
✡
☛
☞ ✌
✍
✎
✠
✏
✌
✑
✡
☞
✄
☎
✆
✝
ø ✞
ó
÷
õ
ý
ó
õ
÷
ý
✒
ô
ø
✄
☎
✆
✝
÷
✞
ó
÷
õ
ý
☎
✒
ý
✓
✄
☎
✆
✝
ø ✞
✔
ú
ø
✕
✒
÷
ú
✖
✗
✘
✗
✙
✗
✗
✙
✘
✗
✚
✗
✗
✚
✘
✗
✛
✗
✗
✛
✘
✗
✙
✗
✙
✘
✚
✗
✚
✘
✛
✗
✛
✘
✜
✗
✜
✘
✘
✗
✢
✣✤
✥
✦
✧
★
✩
✪
✫
✬
✭
✮
✯
✰
✱
✪
✲
✳
✴
✵
✶
✷
✰
✪
✮
✯
✴
✫
✵
✸
✰
✯
✬
✰
✰
✵
✯
✹
✰
✺
✻
✳
✺
✼
✪
✫
✬
✭
✮
✯
✰
✮
✵
✽
✯
✹
✰
✹
✰
✮
✽
✸
✹ ✺
✻
✼
✽
✾
✿
✽
❃
❅ ❀
✸
❁
❆
❂
❃
❃
❄
✽
❄
✻
❂
❅
❆
✻
✼
❇
✽
✸
✹
✺
✻
✼
✽
❈
❄
✻
❂
❅
❅
✽
✼
❇
❆
✼
❂
❃
❉
❀
✽
❊
❯
▼
❋
▼
❋
▼
❋❊
❋
◆
❘
●
❍
■
❙
■
❍
◆
P
❑
■
❘
❏
❑
◆
❚
P
▼
◗
❙
❍
●
P
◗ ❑
❏
❯
P
◆
▲
❚
▼
●
◗
❊
◆ ❖
P
❖
◗
▼
❘
❘
❭
❴
❙
❚ ❯
❱
❩
❬
❲
❨ ❳
❩
❨
❩
❬ ❬
❭
❬
❪ ❯
❭
❴
❙
❚ ❯
❱
❩
❬
❲
❨
❳
❩
❨
❩
❬
❬
❭
❬
❫
❴
❴
❵
❨
❡
❲
❨
Ü
✂
✂
✞
☛
✟
☎
✆
☞
✠
✞
✵
✰
❛
Ý
❜
❜
❜
✴
✠
✄
✝
✍
☛
✝
✟
☎
✂
✠
✝
✟
✂
✄
✁
☛✁
✂
✠
✝
☛
☎ ✌
✠
☎
✂✌
✏
✝
✠
✑
✝
✝✆
✠
✄
✝
❝
✝
✠
❞
✞
✌
☎
✠
☎
✕
✝
✰
✔
✂
✠
☎
✞
✆
❡
✝
✁
✟
Ü
✕
✁
☎
✘
✁
✏
✘
✝
à
❝
❞
✰
❡
Ü
á
✁
✆
✟
❝
✝
✠
❢
✮
★
✢
✛
✢
✲
✤
❣
✬
✧
✛
✢
✮
✪
❤
✤
✚
✙
✐
✤
✳
✬
✢
✭
✤
✙
❥
❦
❢
❣
❤
✐
❧
♠
✮
✭
✛
✣
✢
★
★
✦
★
✛
✤
✫
✚
✭
✤
✞
✏
✠
✁
☎ ✆
✝
✟
✏
✓
✠
✄
☛
✞
✠
✠
✘
☎
✆
☞
✠
✄
✝
✕
✁
✘
✕
✝
☎ ✆
✠
✄
✝
✟
☎ ✌
✂
✄
✁
☛
☞
✝
✘
☎ ✆
✝
✍
☛
✞
☞
☛
✝✌
✌
☎
✕
✝
✘
✓
✑
✄
☎
✘
✝
✠
✄
✝
✍
✔
✡
✍
✌
✍
✝
✝
✟
☎
✌
✁
✠
♥
♦
Þ
Þ
☛
✍
✡
✁
✆
✟
✠
✄
✝
✕
✁
✘
✕
✝
☎ ✆
✠
✄
✝
✌
✔
✂
✠
☎
✞
✆
✘
☎
✆
✝
☎
✌
✎
✔
✘
✘
✓
✞
✍
✝
✆
à
♣
Þ
Þ
q
á
✖
Ü ✌
✌
✄
✞
✑✆
☎ ✆
✎
☎
☞
✔
☛
✝
♥
✖
r
s
r
r t
r
r
✉
r
r
✈
r
r ✇
r
r
r
r
✇
r
r
s
r
r
①
r
r
t
r
r
r
r ②
✇
r ②
s
r ②
①
r ②
t
③
④
⑤
⑥
⑦
⑧
⑨
⑩
❶
④
❷
❸
❹
❺
❻
❼ ❽
❾
❿
➀
❾
➁
➂
➃
➄
➅ ➆
➇
➈ ➉
➊
❾
❽
➋
➉
➌
➌
➍
➎
➏
❽
➉
➊
➎ ➐
➁
➉
➊
➋
❽
❾
❿
➀
❾
➁
➂
➃
❽
➉
➁
➑
❾
➄
✇
➅ ➆
➒
✇
➓
➅ ➆
➇
➔→➣↔↕➙→➛➜➝➞
➟
➠→➙➡➢➤
➥
➞➦➧
➨
➩
r
s
r
r
t
r
r
✉
r
r
✈
r
r ✇
r
r
r
r
✇
r
r
s
r
r
①
r
r
t
r
r
r
r ②
r
➫
r ②
✇
r ②
✇
➫
r ②
s
③
④
⑤
⑥
⑦
⑧
⑨
⑩
❶
④
❷
❸
❹
❺
❻
❼ ❽
❾
❿
➀
❾
➁
➂
➃
➄
➅
➆
➇
➈ ➉
➊
❾
❽
➋
➉
➌
➌
➭
➂
➐
➀
➯
➊
➎
➂
➉
➊
➋
❽
❾
❿
➀
❾
➁
➂
➃
❽
➉
➁
➑
❾
➄
✇
➅
➆
➒
✇
➓
➅
➆
➇
➝➲➛➡➧➙→➲➝➞
➟
➠→➙➡➢➤
➥
➳↕
➩ ➵
➸
➵
➵
➺
➵
➵
➻
➵
➵
➼
➵
➵
➽
➵
➵
➵
➵
➽
➵
➵
➸
➵
➵
➾
➵
➵
➺
➵
➵
➵
➽
➸➾➺
➚
➪
➶
➹
➘
➴
➷
➬
➮
➪
➱
✃
❐
❒
❮
❰ Ï
Ð
Ñ
Ò
Ð
Ó
Ô
Õ
Ö
× Ø
Ù
Ú Û
Ü
ÐÏ
Ý
Û
Þ
Þ
×
Õ
ß Ï
à
á
â
à
Ó
Ð
Û
Ü
Ý
Ï
Ð
Ñ
Ò
Ð
Ó
Ô
Õ
Ï
Û
Ó
ã
Ð
Ö
➽
× Ø ä
➽
å
× Ø
Ù
æ
ç
èéê
ë
ìêíî
ï
ðñ
ò
